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THE BUCKLING OF CYLINDRICAL SHELLS 

A . Buckling of Initially Imperfect Cylindrical  Shells 

A s e r i e s  of t e s t s  on the buckling of electroformed cylindrical 

shel ls  under uniform axial  compression with a local initial imperfection 

has  been completed. 

which i s  positioned half way between the ends of the sLiell. 

fection i s  shown in figure 1. 

The irlperfection cons is t s  of a c i rcu lar  a r e a  

The imper -  

The data f rom these tes t s  is  shown in Table 1 and plotted in 

figure Z L  l h i s  data is represented as a buckling load P uivided by 

the c lass ica l  loaa,  

by the radius  of the shell  R. 

tes ted varied f rom 1050 to 1250. A plot of load ve r sus  depth d of the 

imperfection would have the same trend a s  figure 1, 

a great  deal of scat ter  i n  the iiiiddle range of a / R ,  the trend is  pretty 

well established, 

imperfections,  

c r  

PCe versus the s ize  of the i'ciiperfection a, divided 

The radius  to thickness ra t io  for the shel ls  

While the data have 

I t  is interesting to note tnat even for very  l a r z e  

47 per cent of the c lass ica l  loaci can sti l l  ,Je obtained, 

The l a rges t  imperfections tested to date a r e  of the o rde r  of the 

s ize  of the buckled wave form. In the future this w i l l  be ca r r i ed  out to 

la rger  iinperfections to determine i f  a l a r z e  drop in  the bucding load 

occurs  when the imperfection exceeds the s ize  of the buckled wave form.  

In addition the ettect  of an outward inipericLiiuu w i l l  t2e studied. 

In addition to the imperfection t e s t s  on the electroformed shel ls ,  

The soLLle t es t s  have been car r ied  out using shel ls  formed from Mylar.  

imperfection is imposed on the shell surface using an  external pointer. 

7 hese t e s t s  have the advantage that oiie shel l  can  be used for the whole 
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s e r i e s  of tes ts .  

i s  shown in figure 3, 

affected by the imposed imperfection until a cer ta in  c r i t i ca l  depth of 

imperfection i s  reached. 

as the imperfection s ize  is increased the curve spl i ts  into a general  

instability and local instability o r  one wave buckling, The interesting 

thing to note i s  that the one wave or local instability is an  extension of 

what appeared to be general  instability. 

The character  of the resu l t s  for  this type of testing 

A s  the figure shows, the buckling load is un- 

After this point the buckling load drops and 

With this information, it was decided to  determine the deflection 

of the shell  Defore buckling to see  if  the buckling point could be ant ic i -  

pated f rom the deflection of the shel l  before Suckling occurred,  

datahave been obtained andare being reduced. 

project  will be furnished in the near  future. 

These  

A complete repor t  on this 

B <. Influence of Testing Machine on the Buckling Load 

Some of the experimental  data taken in the past  on the buckling 

of the electroformed cylindrical shel ls  under uniform axial  compression 

has been cor re la ted  with respect  to the type of testing machine used in 

the testing. 

per form these tes ts .  

Three  different types of loading apparatus  have been used to 

The 

tion 

tes t  

1. 

2. 

3, 

Controlled displacement type of testing machine 

Center point load f r o m  load ring 

Air pr  e s su r  e loading diaphragm 

f i r s t  type of loading device has  the advantage that the load dis t r ibu-  

can be adjusted during the loading. 

The parameter  used to co r re l a t e  the data was the st iffness of the 

ng apparatus  (assuming that it was l inear)  divided by the st iffness of 
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the unbuckled shell. 

energy cr i te r ion  was a l so  calculated. The resu l t  of this calculation and 

the available experimental  data i s  shown in figure 4, where the buckling 

load Pcr divided oy the classical  load P 

In addition, the buckling load as determined by an 

is plotted against  the 
C L  

testing machine stiffness K divided by the t e s t  shel l  stiffness Ks. AS 

A s  the figure shows, the data is independent of the testing inachine 

stiffness but the energy cr i ter ion is heavily dependent upon this  parameter .  

A m o r e  complete repor t  on this correlat ion will be furnished in the future. 

C. Buckling of Conical Shells - Experimental  Xork 

The design and the construction of the new small  controlled end 

displacement type testing machine has  been completed. 

incorporates  the following special features.  

Its design 

By the use  of mztched pa i r s  of high precision p r e -  

loaded thrus t  bearings the expected axial e last ic  

displacement of the testing machine under load was 

kept to a minimum. 

By means  of a n  attachment, consisting of an  

inductance type pick-up mounted on a t r a v e r s e  

that can  t rave l  both up and down and in the 

circumferent ia l  direction, we have the capability 

of determining the initial imperfections of the 

t e s t  specimens and their  subsequent deformation 

under loading. 

The development of the production of conical shells by the electroforming 

process is  continuing. When switching f rom cylindrical to conical shells 

considerable difficulty has  been encountered in trying to obtain a uniform 
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thickness distribution along the generator of the shell. This  problem 

has  been solved partially by proper placeinent of the copper anodes. 

So far cones with half angles of 5 , loo,  and 15O have been produced 0 

with satisfactory thickness distributions (see figure 5). 

with half angle of 20° show a very marked and undesirable nonlinear 

increase  in thickness toward the smaller end (see  figure 6). 

However cones 

Work 

continues on this problem. 

A s  soon as the production of conical shel ls  by the electroforming 

p rocess  has  been worked out plans ca l l  for  a s e r i e s  of buckling t e s t s  

under axial  compression keeping the major diameter and the rat io  of 

length over major  diameter  of the tes t  specimens constant and varying 

their half angles f r o m  5O - 25'. Coinparison of the resu l t s  of these 

experiments with the r e su l t s  of previous t e s t s  on s imilar ly  built cylin- 

dr ica l  shel ls  c a r r i e d  out a t  t h i s  same institute should show up the effect 

of the half angle d on the cr i t ical  buckling load. 

D. The Stability of Cylindrir.al Shells under Axisyninietric Moving 

Loads 

The work in this a r e a  is concerned with axisymmetr ic  moving 

loads on cylindrical  shells. 

The stability of a thin elast ic  cylindrical  shel l  subjected to a 

moving load was  f i r s t  investigated in re ference  1. 

stability of the steady s ta te  

In that paper the 

response of an infinite length cylinder 1. 

subjected to a c l a s s  of axisymmetr ic  loads moving with a constant 

velocity was considered. Sufficient conditions for instability were  

The t e r m  "steady state" as used he re  r e f e r s  to a t ime invariant 
wave f o r m  in a coordinate sys tem moving with the load. 
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developed for load velocities l e s s  than the minimum propagation 

velocity of undistorted sinusoidal wave t ra ins  in the shell"' , and a 

method suitable for  determining a n  upper bound on the transit ion f rom 

stability to instability in this velocity range was presented. 

of the analysis ,  when applied to a uniform radial  line load (ring load) 

traveling with a constant velocity, indicated a marked dependence of 

stability on load velocity. 

The r e su l t s  

Recently the analysis  of this  problem has  been extended to  include 

both necessary  and sufficient conditions for instability. 

r e su l t s  will be reported in a future publication. ) 

the theory,  the moving ring and decayed step (shock-wave) type loads 

were  considered. 

lined previously for  obtaining an  upper bound on the transit ion f rom 

stability to instability predicts  the transit ion itself. 

(These fur ther  

A s  an application of 

The resu l t s  obtained indicate that the procedure out- 

Typical resu l t s  of this study as  applied to the decayed step wave 

is given in graphical form by f igures  7 and 8. 

F igure  7 is  a plot of the static c r i t i ca l  magnitude3' (in nondimensional 

form)  of an  exponentially decayed step wave as a function of a decay 

pa rame te r ,  b. Figure 8 is  a typical interaction curve indicating the 

effect of velocity and decay parameter  for a radius  to thickness ra t io  

of 100. A s  b-cn in these plots one obtains a ring load, and a s  b -to 

a step wave. 

Explanation is as follows: 

2 *  This  velocity, denoted by VL in f igures  1 - 5, is of the order  of 

400-2000 f .  p. s. for radius to thickness ra t ios  of 1000-40 
re  spec tive ly . 
The word "cr i t ical"  r e f e r s  to the magnitude of P for which a 
transit ion f rom stability to instability occurs .  

3. 
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in either the vco’ Kote that as the load velocity approaches 

ring o r  decayed step c a s e s ,  the she l l  becomes unstable under an  

infinitesimal load niagnitude. This  is the r e su l t  of a resonance 

condition of the axisymmetr ic  response a t  V = Vco, 

damping (result ing from a fluid-shell interaction for example) is  

expected to have a considerable influence on this resonance effect, 

and is  present ly  under study. 

The effect of 

E. Dynamic Buckling of Thin Shells 

A theoretical  study is underway that has ,  as a final objective, 

a feasible method of predicting the magnitude of dynamically applied 

loads (with fixed spatial distribution) that lead to a post-buckled s ta te  

of the shell. A t  present  severa l  very elementary n-iodels a r e  under 

consideration. It is too early,  however, to r epor t  on prozress .  

In addition, a n  experimental p rogram is being planned in the 

area of dynamic loading of shells that  exhibit a la rge  drop off of load 

in the post buckled range. This investigation will be conducted 

simultaneously with the theoretical  investigation so that rhe two p rograms  

can complement one another. 

F. Buckling of C ylindrical Shells with Random Imp er iec  tion s 

I I L C  biick!icg ~f 3. thint e las t ic  cylindrical  shell  with a random 

spatial  distribution of zeometrical  imperfections of random a-mplitude 

is  present ly  under study. The shell  loading is assumed a s  a constant 

axial  load. 

considered. 

“71. - 

Several  types of imperfection distribution a r e  being 

The investigation is  a theoretical  one. 
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TABLE I 

She l l  R / t  d / t  a / R  Pcr’Pcl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12  

13 

14  

1 5  

16  

17 

1 8  

1150 

1050 

1130 

1170 

1180 

1 L O O  

1210 

1240 

1250 

1180 

1200 

1180 

1190 

1170 

1210 

1060 

1170 

1150 

. o o  

. 00 

. 3 5  

1 . 8 4  

3. 30 

3 .  3 0  

3 .  34 

4 . 4 0  

4 .  5 0  

5. 33 

6 .  00  

7 .  6 5  

7 .  90  

8 .  70  

9 . 1 0  

1 3 . 2 0  

1 4 . 6 0  

19. 25  

. 000 

. o o o  

. 0 2 5  

. 056 

. 0 7 2  

. 0 7 2  

. 0 7 5  

. 084 

. 084 

. 095 

. 099 

. 114 

. 115 

, 1 1 9  

. 1 1 9  

. 159 

. i 5 6  

, 182 

- 

- 6 8  

. 7 5  

. 6 4  

. 5 1  

. 5 3  

, 5 4  

. 4 8  

. 4 2  

36 

. 56 

- 4 3  

159 

, 5 2  

. 4 6  

. 4 2  

. 48 

. 4 6  

. 4 8  



9 

Figure 1 
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